Two field experiments were conducted at Ali Mubarak Horticultural Experiment Station, Behera Governorate, Egypt in split plot design during two successive seasons 2014/2015 and 2015/2016 to evaluate the effect of two types of bentonite (black and brown) and varied levels of Kfertilizer i.e., 0, 50, 75 and 100% of the recommended dose (100 kg fad.P -1 P ), on some vegetative and yield parameters of potato plants and also their effect on some sandy soil properties. The results indicated significant increase for bentonite types on each of EC, CEC, OM, WHC, FC and available NPK of sandy soil. Meanwhile, their effect on soil pH was non significant. The difference between the influences of the two types of bentonite were non significant for all studied parameters of the soil except CEC, WHC and FC where the difference was significant. The effect of K-levels on the forenamed properties was non significant except available K. The interaction effect was non significant for all soil parameters except available N and K. Application of 15 ton/fad., from either black or brown bentonite or K-fertilizer levels solely as compared with the control, increased significantly the growth and yield parameters of potato plants. The black bentonite was superior to the brown bentonite on yield parameters. The highest effect was obtained when the soil treated with bentonite and K-fertilizer together. Foliage content of NPK affected significantly by applying 15 ton/fad., of bentonite but the differences in the influence between the two types were non significant. The tuber content of NPK, starch and protein affected significantly with the two types of bentonite but the black was better than the brown in this concern. Increasing K-fertilizer increased significantly foliage and tuber content of NPK while the interaction effect of bentonite + K-fertilizer was better than each alone.
INTRODUCTION
Bentonite as a natural deposite was evaluated as sandy soil conditioner by several investigators (Lotfy and El-Hady, 1984) . They found that these deposits have high clay content and high percentage of semectite minerals, as well as, high surface area and CEC values. Iskander et al. (2011) found that bentonite could raise the storage capacities of soil for water and fertilizer. In addition, bentonite reduced soil fixation for phosphorus and potassium. Jena and Kabi (2012) reported that application of bentonite as soil amendment possible to increase number and size of potato tuber. Tawfiq (2009) reported that, bentonite can decrease decomposition rate of organic substance and improve humiliation coefficient, so it can raise the quality and the quantity of organic matter, improve the sandy soil fertility, growth yield and chemical composition of plants.
an indicator crop for soil K-availability due its high K-requirement (Roberts and Mc Dole, 1985) .
Moreover, K-enhances water uptake and root permeability and acts as a guard cell controller, beside its role in increasing water use efficiency (Zekri and Obreza, 2009 ).
The objective of this work is to study the effect of two types of bentonite on potassium fertilizer efficiency in relation to enhance growth and yield of potato and some soil properties of sandy soil.
MATERIALS AND METHODS
During two successive seasons (2014/2015 and 2015/2016) two field experiments were conducted in Ali Mubarak Agriculture Research Station at Behera Governorate, Egypt on potato plants (Sponta cultivar) to study the effect of two types of bentonite (black and brown) on some chemical and physical properties of sandy soil and also on some vegetative and yield parameters of potato plants. The soil was treated with 15 ton/fad., from each one of the used bentonite. Analysis of the experimental soil and the used bentonite were presented in Tables  (1 and 2 ). The used bentonite was supplied by International Company for Mining and Investment (ICMI). The field experiments were arranged as a split plot design with four replicates. The main plot factor was bentonite types, while Kfertilizer rates were allotted in the sub plots. Bentonite mixed with the surface layer (0 -20 cm) for all experiment plots. The full amount of calcium phosphate (16% P 2 O 5 ) at rate of 75 kg/fad., were added at the time of final soil preparation. The potato tubers were sown under drip irrigation with 50 cm width, with 10.5 cm length and 25 cm apart on side of a ridge. Each experimental plot consists of 10 m 2 . Tuber was planted at 10 cm depth and 25 cm apart within the row.
Ammonium sulphate (20.5% N) at rates of 200 kg N/fad., and K-fertilizer (potassium sulphate 48% K 2 O) treatments were added as percentage (0, 50, 75 and 100%) of the recommended dose (100 kg K 2 O/fad.) through the drip irrigation system. After 90 days from planting date, six plants from each sub experimental plot were randomly taken for recording the following data for vegetative growth characteristics i.e. plant height (cm), number of branches/plant, fresh and dry weights of foliage/plant (g).
At harvesting stage, tuber yield characteristics which include tuber number and tuber yield (ton/fad.) were recorded. Samples of tubers were taken at harvesting and dried at 70 o C for determine starch, protein and NPK content. Total nitrogen percentage was determined using modified micro Kjaldahl, phosphors was determined using colorimetric method using spectrophotometer according to Cottenie et al. (1982) , while potassium percentage was measured using phlame photometer as described by Chapman and Pratt (1982) . Starch and protein were determined according the method described by AOAC (1990) .
Chemical analysis of the experimental soil foliage and tubers were conducted on the combined sample taken after harvesting of two seasons.
Statistical Analysis
The collected data were subjected to an analysis of variance using the statistical analysis method described by Snedecor and Cochran (1990) . Differences among means within the samples were tested using Duncan's multiplerange test at the 5% probability level. Table 3 clarify that the values of soluble salts (EC dSm -1 ) increased significantly due to application of the studied types of bentonite compared with control. The differences among the two types of bentonite in this concern were non significant. Also, results reveal that there are non significant differences in EC values by using different levels of K-fertilizer. Concerning to the soil pH values, results in Table 3 show that there is no significant differences in soil pH values as a result of bentonite or K-application. The values of cation exchange capacity (CEC) in Tables 1 and 2 reveal that this parameter in bentonite was exceed than that of soil by about two times. As the importance of this parameter and its effect on all soil properties, application of bentonite affected highly significant on this parameter in the studied soil. Application of 15 ton/fad., from black bentonite increased the values of CEC by 53.51% relative to control, where this increase reached to 35.71% for 15 ton/fad., of brown bentonite. Also, the obtained results clarify that there is no significant difference in the values of CEC due to the application of K-fertilizer. It is well known that the CEC is a good measure of soil ability to retain and supply nutrient to crops and in general indicated to soil fertility. CEC is higher in soil with high amounts of clay and OM content (Jones and Jacobsen, 2001) . Other authors found that application of bentonite into sandy soil, significantly increased CEC of these soils, Croker et al. (2004) , Satje and Nelson (2009) , Yssad and Belkhodja (2007) and Churchman et al. (2012) .
RESULTS AND DISCUSSION

Effect of Bentonite Types and K-Fertilizer Level on Some Sandy Soil Properties
Results in
Organic matter (OM) values as shown in Table 3 indicated that application of 15 ton/fad., of black or brown bentonite increased significantly values of this parameter in the studied soil, where the effect of K-fertilizer application was non significant when applied without bentonite. This result may be due to the effect of bentonite minerals on roots distribution and growth of microorganisms in root zone. Also, bentonite increasing stabilization in soil and consequently increase OM in the soil. This result is in agreement with that reported by Janusz and Grzegorz (2013).
As a result of highness of water holding capacity (WHC) of the two bentonite types, Table 2 compared to the lowest of this parameter in the studied soil, application of black or brown bentonite caused significant increases in the values of this parameter (Table 3) . Black bentonite was superior to the brown one. On the other hand, K-fertilizer application did not caused significant differences in WHC, Qu et al. (2008) reported that application of bentonite led to increase WHC and consequently improve water and nutrient supply to plant.
Concerning to the field capacity (FC) results in Table 3 indicated that application of bentonite either black or brown to sandy soil caused significant increases in the values of FC compared to the control. Application of 15 ton/fad., black bentonite increased FC of the experimental soil by 24.30% relative to control. This increase amounted to 10.60% in case of As for the availability of macronutrients (N, P and K) presented in Table 3 , results revealed that application of 15 ton/fad., of black or brown bentonite increased significantly the values of available N, P and K of the studied soil compared to control, without significant differences between the two types. The highest increases of available N, P and K were realized by using 15 ton/fad., black bentonite (Table 3) .
The different levels of K-fertilizer had no significant effect on available N or P, where its effect on available K was significant.
The interaction effect of bentonite and Kfertilizer on soil properties, data in Table 4 indicated that the effect of two types of bentonite with different levels of K-fertilizer on EC, pH, CEC, OM, WHC, FC and available P of soil was non significant where this effect was significant on N and K content.
Briefly, it could be stated that application of 15 ton/fad., of black or brown bentonite on surface layers of sandy soil results in significant positive effect on the values of EC, CEC, OM, and WHC, FC and N, P and K but their effect on soil pH values was non significant as affected by the black bentonite which was superior to brown bentonite.
Results also, reveal that the effect of varied K-levels on the forenamed parameters was non significant except for available N and K it was significant.
Impact of Bentonite Types and K-Fertilizer Levels on Some Vegetative Parameters of Potato
Results presented in Table 5 revealed that application of 15 ton/fad., from black or brown bentonite to sandy soil resulted in significant increases in the values of vegetative growth of potato i.e. plant height; number of branches/ plant; fresh weight and dry weight/plant for both studied seasons compared with control without no significant between differencing the two types. These results are in good accordance with that found by Shaheen et al. (2013) . This positive effect of bentonite may be attributed to its highness of cation exchange capacity (CEC) which reflected on its water holding capacity and nutrients retention which improve water and nutrients supply to plants (Ding et al., 2009; Qu et al., 2008) .
Concerning to the effect of K-fertilizer, data also, showed significant difference in the vegetative growth of potato plants in the studied seasons among the different percentage used of the recommended dose of K-fertilizer (100 kg/ fad., K 2 O). The highest and the lowest values of these parameters were obtained in the plants received 100% and zero of the recommended Kfertilizer, respectively.
Potassium plays crucial role in maintenance of tissue water relation, aids in photosynthesis, enhances N-uptake and protein synthesis resulting in better foliage growth (Marschner, 1995) . Also, Marton (2001) and Soha et al. (2001) observed increased foliage with K and N application.
As for to the interaction effect of bentonite and K-fertilizer on some vegetative parameters, Table 6 show that the highest values were realized when the plants received 15 ton/fad., brown bentonite + 100% of recommended Kfertilizer, without significant difference between this treatment and black bentonite + 100% K recommended K-fertilizer.
It can also show that the effect of application 100% of K-fertilizer without bentonite on the vegetative growth parameters nearly equal to the effect of applying 15 ton/fad., black bentonite + 50% of recommended K-fertilizer.
Effect of Bentonite Types and K-Fertilizer Level on Some Yield Parameters of Potato
Results presented in Table 7 indicated that application of 15 ton/fad., of brown or black bentonite caused significant increases in the values of the studied yield parameters (tuber number/plant, tuber yield/plant, weight of one tuber (g) and tuber yield (ton/fad.) compared with control. In the contrast with the vegetative parameters, the black bentonite was better than the brown one in this concern. This Table 6. Interaction effect of bentonite types and K-rates on some vegetative growth of potato plant may be due to the obvious differences in CEC Also, Ding et al. (2009) and Shaheen et al. (2013) found that bentonite application as a soil conditioner caused increase in tuber yield over the control. They owing this positive effect of bentonite to its plasticity and negatively led to charges on its surfaces. These features make it capable to absorb large quantities of water and available nutrients. Also, the highest increases in yield parameters were recorded by applying 15 ton/fad., of black bentonite.
Concerning to the effect of K-fertilizer, data showed that increasing the percentage of Kfertilizer was acompanied by successive increase in the values of yield parameters of potato plants. The differences between K-fertilizer doses in this concern were significant. The highest increases in tuber yield/fad., owing to Kfertilizer were recorded by using 100% of recommended dose. On the other hand, the lowest values were obtained under neither bentonite nor K-fertilizer addition. This result is in agreement with the findings of Umar and Mairu (2001) and Singh and Lai (2012) they found that the increase in potato tuber yield due to K-application was up to 290 kg/fad., the increase in total yield and the yield of large tubers due to K-fertilization may be owing to the stimulating effect of K on photosynthesis, phloem loading and translocation, as well as, synthesis of large organs contributing to the rapid bulking of the tubers (Singh, 1999) .
Also, Upodhaya and Sharma (1987) and Imas and Bansal (2002) reported that rapid bulking potato varieties producing large size tubers responded more to K than the varieties with small size tubers as application of K-is known to increase the tuber size.
Concerning to the interaction effect of bentonite and K-fertilizer on some yield parameters, data in Table 8 indicate that the highest value of yield parameters were obtained in the plots treated with 15 ton/fad., black bentonite + 100% K of recommended dose of Kfertilizer, where the lowest values recoded in the control which neither received bentonite nor Kfertilizer. It can be notice that the averages of tuber weight as the more important parameter of quality affective significantly by application any of the two types of the studied bentonite as well as, by increasing K-fertilizer either they adding individually or together. The increases in the tuber yield over the control reached to 15.96, 14.30 and 77.54% where plots treated by 15 ton/ fad., black bentonite, 15 ton/fad., brown bentonite or 100% recommended dose of K-fertilizer, each applied alone, respectively, in the first year.
The increases in the tuber yield in second year were 19.10, 13.90 and 56.48 at the same order in the first year. When the plots received 15 ton/fad., black bentonite + 100% of recommended dose of K-fertilizer or 15 ton/ fad., brown bentonite + 100% recommended dose of K-fertilizer in first year the increases reached to 109.14 and 97.35, respectively. In the second year the increases reached to 122.10 and 107.96% compared to control in the same order. These results indicated that application of bentonite with K-fertilizer was superior to using each alone.
Foliage Content of N, P and K (Combined Data of two Seasons)
Data in Table 9 refer to exist significant influence of foliage content of N, P and K compared to the control, where the differences between the two types of bentonite on these parameters were non significant. As for the effect of K-fertilizer levels, the obtained data reveal that increase K dose led to significant increases in values of N content of foliage but the differences between dose (75 and 100 %) were not significant. Values of P content of foliage as affected by K-fertilizer, the present data refer to taken this parameter the same trend of N values.
As for foliage content of K, it can observe gradual increase by increasing K-fertilizer dose; these increases were significant compared to the control. The differences between K-fertilizer doses on this parameter were significant.
Interaction Effect of Two Bentonite Types + Varied K Levels on Foliage Content of N, P and K
Data of foliage content of N, P and K as recorded in Table 10 indicated that interaction affect between the two types of bentonite and four levels of K-fertilizer was significant for foliage content of N, P and K. The highest values were recorded when the plants treated with Table 11 show the combined analysis of the two season's data for chemical composition of potato tubers i.e. starch, protein as well as N, P and K%. Application of 15 ton/fed black or brown bentonite caused significant increases in starch, protein, N, P and K content of tubers compared to the control. The differences between the two types of bentonite in this concern were non significant. As, for Kfertilizer application it can observe gradual increase in the value of starch, protein, N, P and K of tubers associated with increasing level of K-fertilizer.
Some Chemical Constituents of Potato Tubers as Affected by Bentonite and K-Fertilizer
Interaction effect between bentonite and Kfertilizer on chemical composition of potato tuber (combined analysis of two seasons) values of starch, protein, N, P and K in potato tuber (Table 12 ) increased significantly in case of application bentonite K-fertilizer levels. The highest increase of starch, protein, N and K contents were obtained by application of 15 to/fad., bentonite + 100 %of recommended Kfertilizer without significant difference with application of 15 ton/fad., bentonite + 75 of recommended dose of K-fertilizer.
There were non significant difference between interaction effect of black and brown with K-fertilizer on all chemical constitutes of potato tuber. The interaction effect in P contents was non significant. The obtained results are in good agreement with those reported by Shahzad et al. (2010) , Mohammed and Mohammed (2012) and Shaheen et al. (2013) .
Conclusion
The application of bentonite whether added solely or in combination of K-fertilizer had, a significantly positive effect on grown yield and chemical composition of potato plant grown in sandy soil. The highest increases were obtained by addition 15 ton/fad., bentonite combined with 
LSD 5%
3.20 1.30 0.15 NS 0.17 100 kg K 2 O/fad. The positive effects of bentonite in grown, yield and chemical composition of potatoes may be due to improving soil properties i.e., water holding capacity, field capacity and CEC which led to increase in various plant metabolites for cell division and elongation. Also, incorporation of bentonite in soil reduces leaching fertilizer wash off from sandy soil and increase available nutrients and reduces environmental pollution. Increasing nutrients in rooting caused an increase of its absorption by plants, consequently increased the ability of plants roots to uptake more elements in plant trusses.
